Purpose To evaluate the association between levonorgestrel-releasing intrauterine system (LNG-IUS) use and breast cancer (BC) risk. Methods A cohort of all Maccabi Healthcare Services (MHS) female members aged 40-50 years between 1/2003 and 12/2013 was used to identify LNG-IUS users as ''cases,'' and 2 age-matched non-users as ''controls.'' Exclusion criteria included: prior BC diagnosis, prior (5 years pre-study) and subsequent treatment with other female hormones or prophylactic tamoxifen. Invasive tumors were characterized by treatments received (chemotherapy, hormonal therapy, trastuzumab, or combination thereof). Results The analysis included 13,354 LNG-IUS users and 27,324 controls (mean age: 44.1 ± 2.6 vs. 44.9 ± 2.8 years; p \ 0.0001). No significant differences in 5-year KaplanMeier (KM) estimates for overall BC risk or ductal carcinoma in situ occurrence were observed between groups. There was a trend towards higher risk for invasive BC in LNG-IUS users (5-year KM-estimate: 1.06% vs. 0.93%; p = 0.051). This difference stemmed primarily from the younger women (40-45 years; 0.88% vs. 0.69%, p = 0.014), whereas in older women (46-50 years), it was non-significant (1.44% vs. 1.21%; p = 0.26). Characterization of invasive BC by treatment demonstrated that LNG-IUS users had similar proportions of tumors treated with hormonal therapy, less tumors treated with trastuzumab, (7.5% vs. 14.5%) and more tumors treated with chemotherapy alone (25.8% vs. 14.9%; p = 0.041). Conclusions In peri-menopausal women, LNG-IUS was not associated with an increased total risk of BC, although in the subgroup of women in their early 40's, it was associated with a slightly increased risk for invasive tumors.
Introduction
''Why me and where did I go wrong?'' is a question that haunts most women when hit with breast cancer (BC) diagnosis. Although there is no specific answer in the majority of cases, female gender and increasing age are established key risk factors. Genetic background and factors related to lifetime exposure to female reproductive hormones also play a role (reviewed by Howell et al. [1] ). In post-menopausal women, the potential risk associated with exogenous reproductive hormones was investigated in two large prospective randomized trials initiated by the women's health initiative (WHI). While estrogen alone did not increase BC risk in women with hysterectomy, it was the combination of estrogen with progestin used in women with intact uterus which increased BC risk [2] [3] [4] [5] [6] . In perimenopausal women, the endogenous progestin level declines steadily [7] , raising the question of whether exogenous progestin may increase BC risk.
Levonorgestrel-releasing intrauterine system (LNG-IUS; Mirena Ò , Bayer HealthCare Pharmaceuticals Inc., Whippany, NJ) is an intrauterine system that releases LNG (a progestin) at an initial release rate of 20 lg/day. It is approved by the Food and Drug Administration (FDA) as an intrauterine contraceptive for up to 5 years and for treatment of menorrhagia (heavy menstrual bleeding) [8] . Data on the incidence of cancer and particularly BC in women of fertile age using LNG-IUS are inconsistent. Two large retrospective studies (involving [17,000 LNG-IUS users, and [25,000 BC cases/controls) demonstrated no increase in BC risk with LNG-IUS, whereas two database studies from Finland involving [93,000 LNG-IUS users demonstrated an increased BC risk [9] [10] [11] [12] . To date, the published studies were all in Finnish/German population, included a variety of ages, and did not control for prior or concurrent and subsequent hormonal interventions.
LNG-IUS has been covered in Israel under the National Health Insurance Law since March 2001 for women C45 years with menorrhagia, although, in practice, it has been used commonly in pre-and peri-menopausal women for contraception in which case it is not reimbursed under the Health Insurance Law. Maccabi Healthcare Services (MHS), the second largest health maintenance organization (HMO) in Israel insuring approximately 2.0 million individuals, extended coverage of LNG-IUS to younger patients with various indications and it is therefore assumed that almost all MHS members who purchase LNG-IUS do so through the HMO.
The current work was designed to evaluate the incidence of BC in peri-menopausal women (MHS members) using LNG-IUS versus age-matched controls, focusing on women who were not exposed to other hormone therapies in the 5 years preceding inclusion and during study period till last follow-up. We also aimed to compare tumor characteristics and treatments received in BC diagnosed in LNG-IUS users versus controls.
Materials and methods

Study design and patients
In this retrospective cohort study, LNG-IUS users (cases) and age-matched controls were selected from 338,184 women who were 40-50 year old between January 2003 and December 2013. Cases included all MHS members who purchased LNG-IUS in this timeframe. The controls (2 per case) were selected sequentially (starting January 2003 forward) to be aged-matched ±2 years (based on calendar year) with the same exclusion criteria. Follow-up of participants was initiated (Day 1) at time of LNG-IUS insertion (cases) or the date they reached the age of the matching case (controls). Exclusion criteria included: BC diagnosis at any time before study initiation or within 6 months of inclusion, exposure to female hormones in the form of oral contraceptives (OC), fertility drugs, or hormone-replacement therapy (HRT), or prophylactic use of tamoxifen in the 5 years preceding Day 1 and through November 2015. We used Kaplan-Meier (KM) curves to estimate the 5-year BC risk in order to correct for differences in follow-up time between cases and controls (as controls were identified from 2003 forwards resulting in longer follow-up).
Data for all participants were collected from the MHS data system which captures patients' information electronically and vital status as provided by the Israeli National Insurance Institute. Systemic treatments for study participants, who were diagnosed with invasive BC during the study period, were extracted from the MHS system which captures pharmacy purchases and hospital claims.
The study was approved by the institutional review board of MHS; informed consent was waived due to the retrospective nature of the study.
Breast cancer categorization
Categorization to invasive vs. ductal carcinoma in situ (DCIS) was based on biopsy results as captured in the MHS cancer registry. Invasive BC tumors were characterized by treatments received (chemotherapy, hormonal therapy, trastuzumab, or combination thereof).
Statistical analysis
Descriptive statistics were used to summarize patient and tumor characteristics and treatments received. The Chisquared and Wilcoxon rank-sum tests were used to compare cases and controls with respect to patient and tumor characteristics. KM plots and log-rank tests were used to compare risk of BC. Five-year KM estimates for BC risk and standard errors (SE) were calculated. All statistical analyses were performed with JMP 12.0 (SAS Institute Inc., Cary, NC). Two-sided p \ 0.05 was considered statistically significant.
Results
Study population
Between January 2003 and December 2013, a total of 338,184 women in the MHS database were between the ages of 40 and 50 years. During this time period, 17,667 of these women purchased LNG-IUS through MHS, of whom 13,354 met study criteria. The age-matched control group included 27,324 women. The mean (SD) age was 44.1 (2.6) years in the LNG-IUS users group and 44.9 (2.8) years in the controls (p \ 0.0001; Wilcoxon rank-sum test). The LNG-IUS users group had higher proportion of younger patients compared to the controls (LNG-IUS users: 67.4% were 40-45 years of age and 32.6% were 46-50 years of age; in the controls, the proportions were 54.4 and 45.6%, respectively; p \ 0.0001, Chi-square test). As matched-age controls were identified sequentially from the beginning of the study period, follow-up was significantly longer in the control group [median (range) of 9.6 (0.5-12.9) years vs. 6.5 (0.5-12.9) years; p \ 0.0001, Wilcoxon rank-sum test].
Breast cancer risk
Overall, there were 223 documented BC cases in LNG-IUS users and 565 in the controls. Median (range) time from study entry to BC diagnosis was 4.3 (0.5-12.3) years in LNG-IUS users and 5.0 (0.5-12.7) years in the controls (p = 0.0038; Wilcoxon rank-sum test). Within 5 years of study entry, there were 136 (1.0%) documented BC cases in LNG-IUS users and 283 (1.0%) documented BC cases in the controls. In the LNG-IUS users, these included 16 DCIS and 120 invasive tumors; in the controls, these included 42 DCIS and 241 invasive tumors.
KM curves for overall BC risk for LNG-IUS users and controls were not statistically significantly different (Fig. 1a) , as were KM curves for DCIS risk and invasive BC risk (Fig. 1b, c) . Five-year KM estimates for overall BC risk in LNG-IUS users and controls were 1.2% (SE 0.1%) and 1.1% (SE 0.06%), respectively (p = 0.23). For DCIS risk, the respective values were 0.14% (SE 0.03%) and 0.16% (SE 0.03%) (p = 0.22). There was a trend towards higher risk for invasive BC in LNG-IUS users vs. controls (p = 0.051), with 5-year KM estimates of 1.06% (SE 0.1%) and 0.93% (SE 0.06%), respectively (Table 1) . In a subgroup analysis by age, the difference in the risk for invasive tumors seems to stem primarily from the younger age group: in patients aged 40-45 years, a statistical significant difference was observed between LNG-IUS users and controls with 5-year KM estimates for invasive BC risk of 0.88% (SE 0.11%) versus 0.69% (SE 0.07%), respectively (p = 0.014); whereas in patients aged 46-50 years, the 5-year KM estimates were 1.44% (SE 0.19%) versus 1.21% (SE 0.10%), respectively (p = 0.26) ( Table 1) .
Invasive breast cancer: characterizing tumors by treatments received
For the invasive BC cases identified within 5 years of study entry, the distribution of treatments received (chemotherapy alone, hormonal therapy alone, chemotherapy plus hormonal therapy, chemotherapy plus trastuzumab, and chemotherapy plus hormonal therapy plus trastuzumab) was not statistically significantly different between the LNG-IUS users and controls when all six aforementioned therapeutic options were included in the analysis (p = 0.076, Chi-square test; Table 2 ). However, when all tumors treated with trastuzumab were considered as one category (i.e., chemotherapy plus trastuzumab and chemotherapy plus hormonal therapy plus trastuzumab), a statistically significant difference in the overall distribution was observed (p = 0.041, Chi-square test; Table 2 ). In addition, BC cases in LNG-IUS users were less likely to be treated with trastuzumab (7.5% vs. 14.5%) and more likely to be treated with chemotherapy alone (25.8% vs. 14.9%) with the latter serving as surrogate to suggest triple-negative tumors.
Discussion
In this case-control cohort study, we showed that in perimenopausal women, LNG-IUS does not increase the risk of BC overall or the risk of DCIS. We did find that LNG-IUS use was associated with a slightly increased risk of invasive BC tumors in the subgroup of younger women (40-45 years), while no significant effect was observed in those aged 46-50 years.
Of the four studies investigating the association between LNG-IUS use and BC, our study design is more similar to the studies reported by Backman et al. and Soini et al. [9, 11, 12] . In these studies involving 17,360 LNG-IUS users (all indications) and 93,843 LNG-IUS users (for treating/preventing menorrhagia), respectively, BC incidence was compared between LNG-IUS users and the general female population. The Backman study included LNG-IUS users of all ages with the dominant group being 35-39 years old. There was no significant difference in BC incidence between LNG-IUS users and the general female population in any of the evaluated age groups; however, in the 35-39 age group (i.e., women reaching late 30's/approximating early 40's), the incidence was higher in LNG-IUS users and the differences trended towards significance (p = 0.056) [9] . In the Soini study (women aged 30-49 years with an average follow-up of [10 years), LNG-IUS users had an increased risk for ductal breast cancer (standardized incidence ratio [SIR] 1.20) and lobular breast cancer (SIR 1.33; latter mostly luminal subtypes) [11] . As BC below the age of 35 is rare [13] , we assume that the observed increased risk stems from patients C35 years who constituted 80% of the study population [11] . Another study by Dinger et al. involving 5113 BC cases and 20,452 controls below the age of 50 years, found no increased BC risk with LNG-IUS users vs. copper intrauterine device (IUD) users [10] . The Dinger et al. study is different in its design from the other studies, as it was a case-control study comparing risk factor between identified BC patients and controls (matched by age and area of residence) who responded to questionnaires [10] . Our study strengths as compared with the aforementioned studies, include the careful comparison between LNG-IUS users to actual controls (not general population), excluding individuals with prior or concurrent diagnosed BC, exclusion of women with prior/current/subsequent exposure to exogenous reproductive hormones, and using KM estimates to address potential biases related to differences in follow-up times. The follow-up time in our study (median of 6.5 years in LNG-IUS users and 9.6 years in the controls) is adequate for detecting increased BC risk, as studies involving other exogenous hormones in perimenopausal women (OC) and post-menopausal women (HRT) have shown that the increased breast cancer risk occurs within the first few years of exposure. With OC, the increased BC risk is with current/recent (within a year) of OC use [14, 15] . In HRT users, the increased BC risk occurs during the intervention phase (within 3 years) and the effect remains apparent in the post-intervention phase through 5.5 years [3] . Nonetheless, long follow-up to determine long-term effect is warranted. In addition, our study analyzed a relatively large cohort where for each individual patient treatments and clinical outcomes are known. Furthermore, our cohort represents real-life clinical practice on a national level that is not specific to menorrhagia, and thus more representative of LNG-IUS global use. Our study is also the first to characterize the invasive tumors identified in these women by treatment received. It is important to note that BC is not one disease but is considered to include several subtypes [16, 17] , and unlike numerous studies demonstrating an association between BC and exposure to female hormones [18] , no such association between hormonal-driven disease (i.e., luminal tumors treated with hormonal therapy) and LNG-IUS could be documented here. We are also the first to investigate the association between LNG-IUS use and BC in another geographic region (most studies thus far were performed in Finland).
The limitations of our work include its retrospective non-randomized design. Thus, selection bias may exist, since clinicians may have elected different contraceptive approaches to women with family history of BC. Also, the information regarding the indication for the LNG-IUS use in each case was not available (though it was estimated by two Gynecology directors [YS and RB personal information] that 90% of LNG-IUS users in Israel use it for contraception). The MHS data system does not include information on patients who may have purchased LNG-IUS not through MHS/MHS-affiliated pharmacies; however, we assume that as it is covered by MHS, most LNG-IUS users did purchase it through MHS. Only a few women had more than one LNG-IUS inserted. The recommended LNG-IUS use is 5 years and the median follow-up in LNG-IUS users was 6.5 years. Also, in our analyses, we used age as a proxy for menopausal state. It is likely that in the LNG-IUS users, the majority of women were premenopausal, as women received it for contraception or menorrhagia. For the controls, the menopausal state is unknown, although we do know that the mean age of menopause in Israel is 51. In addition, pathological information was not available so tumor subtyping could not be performed. It should be noted, though, that in Israel, hormonal therapy and trastuzumab treatment do require pathological information for approval. Lastly, MHS approved trastuzumab reimbursement for human epidermal growth factor receptor 2 (Her2)-positive invasive BC in December 2005, whereas our study included women who were eligible (age wise) between January 2003 and December 2013. Notably, the majority of the invasive BC patients in our study were diagnosed after trastuzumab reimbursement approval (LNG-IUS users, 93%; controls, 80%).
In conclusion, our study of a large cohort of LNG-IUS users and age-matched controls demonstrates that in perimenopausal women, LNG-IUS use is not associated with an increased risk of BC overall; although in younger women (40-45 years) LNG-IUS use may be associated with a slightly increased risk for invasive BC. More tumors treated with chemotherapy alone, and fewer tumors treated with trastuzumab were identified among LNG-IUS users, and there were similar proportions of patients treated with hormonal therapy. Further study on the impact of LNG-IUS use on BC risk by age, and analysis of BC subtypes is warranted.
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